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Abstract 



PROBLEM TO BE SOLVED: To lessen an internal loss by using a barrier layer shown by specified formula, having a band gap 
taroer than GaN at the entire or part of the barrier layer and a well layer having a smaller band gap than GaN. 
SOLUTION- On a sapphire C-plane substrate 1 are grown a buffer layer 2, n-type contact layer 3, n-type c ad layer 4. n-type 
lioht confining layer 5, undoped multiple quantum well active layer 6 (7 wells) composed of an lnO.2 GaO.8 N well layer and 
AlO 05 GaO.95 N barrier layer, p-type light confining a layer 7. a p-type layer 8. and a p-type contact layer 9. The barrier layer 
uses AlO 05 GaO 95 N to widen the gap. This greatly reduces absorption by the barrier layer in the oscillation wavelength of 423 
nm and the internal loss to 25 cm<-1 > and the internal loss can be also reduced to 29 cm<-1 > , compared with the 
conventional semiconductor element. 
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Kit, ^mi^^m\:^i2-ibmt . ~'m^tzitm'^m(^-)#' 

Kg 1 7)^iijfeiiii;¥T'?F$/S: ^ 1 n x a 1 \o a v-x-y n 




ai-x-vN (X^O. Y^O, X + Ygl) 
S.'^^mt^^ "7 -y h'mt. -flS:^ I nxA I yG a i-x-Y 
N (X^O, Y^O, X + Y^l) 7i^b/i'5 4^^f$:7tm 
Cl2-i^mt. I tixA 1 yG a i-x-Yt^ (X^ 0, 

Y^O. X-hY^l) f}^^t^^-'m'tfzit^-^m<r)#'F 

^mt. -Sx^t I nxA 1 yG a i-x-yN (X^ 0, Y^ 

0. x+Y^i) f)^h^j:^^mt^itmc^ibmt. -ss 

^ I nxA 1 yG a 1-x-yN (X^O. Y^O, X + YS 

tCG a Net *9 Z^^l/^z-O yy^m-r^ I nxA 1 y 

G a i-x-YN^ffl^^'S C 

[fS?R3l 2 3 £t^±cff$/7ic ^ ntz—^^^ I n x A 1 yG 

ai-x-yN (X^O, Y^O, X+Y^l) ^-C^^J^^m 

y Kil t . -li^^ r nxA I yG a i-x-Y 
N (X^O, Y^O, X-hY^l) t)- ^J: ^ ^mi^^m 
V^'^i^m t . I n X A I yG a i-x-yN (X ^ 0 , 

Y^o. x + Y^i) y}-b^j:^-m^tzi'xm^m(D^^ 

mmt. — iSx^ I nxA I yG a i-x-yN (X^ 0, Y^ 

0, x+Y^i) ^-hfj:^^m^itmcihisbmt. -m: 

^ I nxA I yG a 1-x-yN (X^O, Y^O, X + Y^ 

^ y-y^'^G aN ^\^^ < . )t PrlCiAi^^JllcO^T^l Mi 
-gPiCG a Net (9 i^^l^/O K^-^ y^^^T^ I nx 

A 1 yg a i-x-YN^ffli/>5 - 1 ^Wi^t-r^^mf^i-— 
[ff5jtii3) m^±.i,cmf^^ntz-kk^i qxaiyg 

ai-X-YN (X^O, Y^O, X + Y^l) ^^^fj:^^ 

mS!^^*^ y y K/i t . — S3:5^ I n x A i yG a i-x-y 

N (X^O, Y^O, X + Y^l) f)^(b>^i^^^i^t/tm 
Z^i^m t\ I n xA I yG a i-x-Y-N (-X ^ 0 , 

Y^O. X + Y^l) f)^h^J:^-JS^tzf,tm^J§<D^^ 

\±mt. -^x^ I nxA 1 yG a i-x-yN (X^ 0, Y^ 

0, x + Y^i) ^^h^ji^'-^'^i^itmci^i^mt. 

^ I nxA I yG a 1-x-yN (X^O, Y^O. X + Y^ 

f^^ixtz^mi'^^-'^^^x^-^x . mm^<u Tmo:>y< 

[11*^14] £ffiJii-/fJfiSton/---^3:^ I nxAlyG 
ai-x-YN (X^O. Y^O. X -h Y ^ 1 ) t^^^fS:^'^ 



(2) mW^^ I 1 - 3 0 7 8 6 6 

2 

7 t . -flSliC [ n xA I yG a i-x-Y 

N (X^O. Y^O. X4-Y^1) t-hfl^^M^itf^ 
CiA^)® i:. -fl5:^I nxA I yG a i-x-yN (X^O. 
Y^O. X + Y^l) f)^h^Si^—m^tz\tM.%M^1^^ 

"^mt. -AS^ I nxA I yG a i-x-yN (X^ 0, Y^ 

0, X + Y^i) t^hfi^^m^%f^\l'yL^mb. -A3: 

^ T nxA I yG a i-x-yN (X^O, Y^O, X + Y^ 

1) t-hfs:h^nM^'m^^=7 y vrntt'-mm^n-xm 

10 l^^f\.fz^n^\y—^m'i'X^oX. ±f£^^lCiZi66® 
K=ir-fy T'Ti^ #F^^S J: t/-'^ y T/1 J: *9 < 

ff^O. 0 5 mV:JtTtr-5C t ^#1^<[:i-54^e?^Lx 

[It*^l5 1 2a^co I nxA I yG a i-x-yN^:Sb^b;^^ 

[ItjjtJie ] 2W^(n I nxA I yG a i-x-yN t^b^bT)^ 

ib ^^c^ 5 ^1^^ J: o T ?t W U g ^ f^^i- 6 c ^ ^ 1^ 
[0 0 0 1] 

I nxA I yG a 1-x-yN, X^O, Y^O, X + Y 
30 [0 0 0 2] 

otSitKcilH^Ili 1 4 {i^-To TCciaSffiioi 

±tCG a N®?^^^'^ :7 r — ill02 (if:$30nm) . S i K 
— ynMGaN {W^'^nm) t^h^J: ^ > 9 ^ V 

11103. S i K— T'nSlI no. 05G ao. gsNTi^^T^c^^^^ 
^ y 9Vi±M (/f:^0. Urn) ^ S i K — T'nMA 1 0. 07 
Gao.93N;i (/?^0.4Aim) b 7^.^ ^ n S ^ 7 -y KH I 
04. S i ,K — VnMG a Nil (J?^0. Ijum) t^h^t^ 
nM^M CiZ^e^HlOo. r>' K— T'CO I no. 2Gao. sN 
#Fil (l?$2.5nm) i T K— T'CO I n 0. 05G a 0. 95 

t^/il06. MgK-^pSlGaN (Jf:$0. l^im) 
5 p St^P^ L:iA<s6/il07. N4g K — ^pMA I0.07G a 
O.93N {W-^O.Aum) /)*ib^:£ ^ pSi ^ ^ -y K® 108. IVI 
gK — •7'pSGaN (fi:50.2^m) 7)^ ib o p > 
^i:^ hgl09. Ife*t/ill0, N i {^—m) RXIf\yi{m 
Z^);i^»b4^^ p IH^llK Ti (S— if) ^a*A I 

50 Jth=4. 6KA/cm-) m^hKX^^ . 5 4 c m 
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'^vh^fz (ryy^ K • 7 ^ v-y ^ ;^ • u^^— x(APP 

L[ED PHYSISCS LETTERS). ^69^, 1568 1:. 19 

[0 0 0 3 ] -)^3:{c. F^|F(5«^i75(££^ft:it?|:FSc^i^6 

^ig(^Lx — if ^i^f'^L/lo if:7r ^TCSS^glOlJbic 

G a Nl&i'^/^'y ^ T— ^102 (i?:^30nm) . S i K — >^ 

nSGaN (/?$2jum) t-h ^j: ^ n > 9 ^ h MlO 

3. S i K — :7'nS!A 1 0. OSG a 0.92N (ff$0.4/iTn) Z^? 

fj^b^^O nM^ y y Klil04. S i K-y nSiO a N 

-^T-cT) I no. 2G ao. sN^t^F/i ()¥^3nm) <b T V K — 

(15^0. 1)U m) ^^^fj:^ pmt/tr^Ci2,lsbmi07. Mg K 
— y pMA I O.OSG ao.92N (if:^0.4Mm) 7)^h^J:^ 
^ y K/li08. M g h' — y pMGaN {m^0,2^ 
m) pS^^^^ Ni (m—M) 

[0 0 0 4] Z.thh^i^^<Dm.it^^.it'^^^m»^i — if 
^^(i. y<V Tm\Zi-t I nxG a i-xN(0. 0 2 ^X^ 

0. 05. J?^ 5 — 6 nm)7)^fflVMbn. itmci2^dbm 
tdtiG a N(JP:^ 0. 1 m)7!l^ffl^/^^btLT^/^5o 
[0 0 0 5 ].. 

(Dmt^J^^it-^^^'Mi^^—^^^it. ^ii^M<^A I Ga 
A s ^^A 1 G a I n tx — if-^^ Ti"- K^i^it-< 

wmmx(o\^^m^^t 5 c m~^\ikT{zx^ 5o 

[0 0 0 6] zn^zML. mit^^^(t'^^^mi^^-^ 

[0 0 0 7] ZCOWMn'^. mit^^.it^ 

t nxA I yG a i-x-yN (X^O. Y>0, X 

+ 1 ) cn^AU^mz^^zt drM-'^^ili Lf-o ID l 5 

G a NJ^bL I n 0. 05G a 0- 95NT:iB^B. AIq. 15G 
ao,ssN-^FB\Zjr6'A ^^^^^^^ ^^^^^^'f, mi 5'iZ 
^i.f^G a Nkt^B(r>^M^^^<^ ^^^^^^^'^^ot , Ca 
N(0/< V K^^i- (J^SlT^gr-^;^ 3 6 2 n m) J: fg: 5(? 
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U — -*f 7}-- Ktn^^tSS^ 4 2 0 n mi:^6 
C a N)ptHBTMi^4 0 c m"^(7)Pi^l|3i;)^($bt9 , In 
0. 05G a 0. 95NSb%s A I 0. isG- a 0. SSN X 
n-C.tl7 0cm~^ 1 4 c m"^(7:>Pi^l|3i;i>f??Si-6o 

/i:€-/itn:)t£or^i:iAi6'?5i::J: , -C<7:) u--if 

\^-'^z^{1-^^Bm^^t^mx^ ^ z txj'-'^fj-^tz. 

znh(nztf)^h. ^wm^h^t. mitm^.it^^^m 

t^(Di§::r.:^.yl.^'--imzmH7b'^^^ Z t . LXZ<D{^:^ 

^./u^-{pi|iDPi^ij5i(i^;itc7¥ffiLTi/^6^^ mz. 

m\z:^i'r^mnt. Ttr^l l:iAi^:?£75flJ'^/^)^:k:#^.^^Pr1^::^iA 

LX\^^^m^t^j:^X^^^ Z t ^^.i/^tti L/Co 
[0 0 0 8 ] f^aia^Ti^:*^^!/^^:. u-if ^-r Kco 

[0 0 0 9] ^zx^^mmcD^^it.. ^mMi^^^m\± 

Z t iiZh^o 

[0010] 

JfM^HTt— I nxA 1 yG a 1-x-yN (X^O, Y 

^0, x + Y^i) ^-h^j:^mmm^mt^^ y y h^m 

t . r n X A I yG a i-x-yN (X ^ 0 , Y ^ 0 , 

x + Y^i) ^^h^jih^mw^t^mciz^isbmt. -^^\ 

nxA I yG a 1-x-yN (X^O. Y^O, X + Y^1) 

t^ht^^ — S ^ fz\'X^^m (O #F/iio J: t/^< y T S CO 2 

mm<r^^'^^M^'omf&^h.hr^'^mt. -te^inx 

AlYGai-x-vN (X^O. Y^O, X + YSl) -h^h 
t^:^^mW-itm\Z^^i^mt . I nxA 1 yG a 

(X^O, Y^O. X + Y^1) t-ht^hMM. 

-y vmti)mmmn-xmf&^thfz^m.v^\^ 

— ■^m^Xhr>X. ^Fll£7:>/N V K^f:^ T'tJ^G a N J: 

*)^J-$< . ^^^) r;i(7)^T^vMl— ^iCG a N J: 

^/^/<> :y^e:^-t-^ [ nxA I yG a i-x-YN^ffl 

\^^^zt^w\^t'r^^m^^\^—^m'^\zm'r^o 
[0 0 11] ^2o->^m±. mwL^\zmf^^Mz~%'^^K 

I n xA I yG a (X ^ 0 . Y ^ 0 , X H- Y ^ 

1) t-h^si^m-m.^'^m^^'^ =7 -y \^'mt. -^^inx 

AlYGai-X-vN (X^O, Y^O, X + Y^l) f)^h 
/j:o4^i^(*:7tm C^A^® ^ . — 355^ I n x A I yG a 
1_X_yN (X^O. Y^O. X + Y^l) f)-h^Si^~m 



(4) ^mW^ I 1 - 3 0 7 8 6 6 

5 e 

I-X-yN (X^O. Y^O. X + Y^l) f)^h^^^^m- i^^—^'(D^m^i^^^h. WiWtm^H}'^^^ ^-:>fzt 

t^±mCl2^^Mt. — I nxA i yG a i-x-yN (X t tO^/jTt?S^ T'^H ^ 5 » -ffi.**!. I^^ti^<t^7 — 

^0. Y^o. x + Y^i) y}^h^sio'^m.^^'^t^^ m^f^^X'h^ . zcDo h i y-i^^it. ^KM^-^r 

^-y- I nxA 1 yG a i-x-yN^^'''^ =t T^o:^%1^m\Z7r^'^ ^ o Jc, *^0^(7)4^^^U'— ifl^T- 

[0 0 12] ^SiD^P^fi. £1:g±icjf$;5jt^n/'z— y<? t^-oT. ^SI^— Kic>ffr 6*i)#ll^^^>-t-5ffif^^7T^-r 

I nxA I yG a i-x-yN (X^O, Y^O, X+Y^ t-. L # 1/ ^ftmffiS^cTD^ t ^ , S^S* i: T^^rl IS^A 

1) f)-htl^^n.^^m^^ "7 vrnt. -^S:^lrix ^W^(n^X^-^'0 . V\^-Y:^-7(r>m^.tfii^. Ti£ 

AlyGai-x-YN (X^O. Y^O, X -t- Y S 1 ) t-^ co^tel^'lt-^i" ct 9 (c, f^^li^cirTt 
t:^^^^*?^^-^ l^i^^^ci:. -testlnxAlyGa CiAis^COJtfi. t^^^^ ^9 $ tl^ c^-C L 1 Mill;?jft 

1-X-yN (X^O, Y^O, X + Y^1) t^h^S:^—^ ^'jS t ^ ttOo 

^fcii:^g^^(7?#F/1^5j:U^^<y Tgc0 2S^t7?4^#i*:- [0 0 17] \y ^ ^ ^ — V (DWyf "^^^hm^ . 

mXKfBf&^ti^^^^mt. nxAlvGa -ti*/ (P^gCS* + ^ 7 -tl*:) iCtti^'lt" 5o Lfc;)^ 

1-x-yN (X^O, Y^O, X + Y^i) y3^i^fj:;b^m- oT. [HmR^t}'-<J^-f-£<f£tiit. < 

i:i^*^^<^ . — ^5:^ I nxA I yG a 1-x-yN (X ^j:^o (^'J;tt^\ ^Jte0"i] l O^t^ig* t-- — 1^'^-^T'^tg^fi 
^0, Y^O. X + Y^l) V i'C? zi^iSOOAim. ^&t^^^ 8 0 yoOfS ^ W =^ — h (T:)^-^. 

I^o-^oSff^S nm)^T<!:-r5:i^ ^r^^-r5±T-fi^7:et^W<!: m;t 

I nxA 1 yG a i-x-yN (X^O, Y^ ti^fT^Jl^Si-j:, ^{t:f^3^{t:'&it^it^^*0/< V K ^ 

0, x-hY^i) ^^h^j:^mmm^^i^^ y -y h'mt. x^i^^^^^yi-^—m^^w^^^^A^^xh^. z<d^&:^^'^ 

— nxA 1 yG a 1-x-yN (X^O. Y^O, X4- fIlJ(7)P^lR;^|S i^ — T'^^iSE L T I ^ 6 ^ 

Y^i) ;5^b?'ce5^^^^Pfl l^iZ^i^ii.^. — nx t^. ^ptK:^^::i£^/^/<>' K^^ir :y ^erWr^f^ti^F^^T:) 

A 1 yG a 1-x-yN (X^O, Y^O, X + Y^1) 30 y T — /i T'OP^liR <b CiAi^^JtOf tJ^Ti^ ^ I >7tPr1 U 

<D^m^m^'Of^^i^^t\.^'^^mt. -HSl^InxAlY ■r^/^5J[^>@i:?'c^:o-Cv^5„ LfiTlf'^or. >'<yr/i^3tt9 

Gai-x-yN (X^O. Y^O, X + Y^l) t-^fH^ H C iZi^a^)/!^^ 57 K=¥ '^^ ^^^t^f^fllftii . ^^llJiS^i^ 

^^{*:)tr^L:iZi*^®i:. —jJS:^ I n x A 1 yG a i-x-yN i^L. F^aitR^^fS^-ftl-r 5 :i t^?:^ 5o 
(X^O. Y^O, X + Y^l) t-hf^^m-mM^mW^ [0019] 

Wi^^XI^^') TUcfc *5 < y y Kg J: <9 'J^^ W 1 ) [H 1 -S.t>'lli 2 ^ffll^T^ 1 (T^^l^coUffi^iJ ^ISfcP^ 

<. Ji.o±fa^P^1l::iA*:>^c7);ii?^0. OSA^mVjLTd: i-^, (H l li. *^0^cO^2Sf$:u-if*^c7)t?^itl!(TS[I] 

[ 0 0 1 3 ] ±iE^ 1 to^p^tcioi^rii. 2®-;^£7:)[a ^i-ur-db^^o 

XA I yG a x-x-H^'^^B-h-htl^m^=^\^^-^Xx^'^m [0 0 2 0] T >{T Omm^l -biCG a N^<-y 7 r 

F^O/<"J r/i^ff^/S-r^ - <h:;i^T-t5o -Ji2 (J?^30nm) . S i K-T'nMGaN {'y ^ > 

[0014] JblSm 2 ^DM0^^Cio^/^nl, 2fi^(7:) I n igjg 4 X l O c m"^, 11:$ 2 m) /^i^ 'o ^ n M > 

xA I YGa i-x-YNT:5a^B;:i"o4^^Sr^^^{Cj:oT^m i: ^ h H 3 . Si K— >^nS^A I o. iG ao.gN ( x i ; z: 

iAiJ^S^ff^/jici-^ C > 7)>r'# 5, V^^/g 4 X 1 0 c m"^. 1?^ 0. 4y m) nS 

[0 0 L 5] ^/-l. Jil5m2(7:>^0^{Z.-foV^ri±. TtPrli: <^ v y K;i4. S i K-^T' n^G a N ( > !j zi v^gg 4 

iAe6/icO^< V K^r V 'J r^<J: ^7 7 -y Kll<^)^^ X l 0 c m"^. /?:^0. Ijum) >b 5 n ^TtP^ CiZi 

V K=^-r .v^la[SP^"C'^Fil;:)^ib[^n5lcti§o-C. 2^r«^ 5 . [ n o. 2G a a st^ ^^^1 (/¥^2.5nm) >Al 

^\Z.'^.^\Z,y ^ K=^-f y:7'ft;i-^ - ^h/i^r-^^o ■^'C' O. OSG.a o. 95^^"^ !^ r/l(/i:$5nm)7!t'«b^i:5T>' K— >^ 
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G a N (M gffiS 2 X I 0 ^"^c m"^, f?^0. U m) 

ao. qN (tvIgiSS2 X I 0 ^^c m"^. /i:^0.4ju mJ 
67:^0 p 7 -7 K^8. Mg K— y pSG a N (M g 
ffijg 2 X 1 0 c m'^. fi:^0. 2A/m) /i^ib^^^pg[=i 

[ 0 0 2 1 ] JfeiC. Kt^^ ^"^^(ci D n^fl 1 2 

nM,^ 1 2 ^Bf^T^o -^'^ 1 0 ^JF$;5jc:?t. ^ 

-ttTN i / A u 6 p 1 1 erff$/7ici~5o 

[0 0 2 2 1 ^^ssfF'j 1 (Dmitmif.it-^m^'^w i^—fm 

±mnf&^::^^^^'^^'^'J rmt L-CA l o.osGao.gsN^r 

m\^\ "y-c i^'^^r ^yy'it^n^tio z.rikzj:^. mis. 

i:i7FLfcJ: 9 (-^iizS:irt04 2 3 n mT-(i. y<VTmV 
9 c t>(D^^m^^*^m'P\^tZo 

[0 0 2 3] i^mm2) miRv^^s ^m^^^xmi (o 

[0 0 2 4] if 7r TCeSS 1 ±{-G a N^<-y 
—^2 (/i:^30nm) , S i K— n MG a N (-> 'J =i 
2t-g4 X 1 0 ^^c m"^, ll$2^m) Ti^fb^^^n^^iV 
^ ^ h/i 3 . Si K— •T'niliA I o. iG a o. 9N ('> U =i 
l^m^4 X 1 0 c m"^. ip:^0. 4ju m) t!)^ b ?i ^ n ^ 
^ -y K/i4. Si K-ynSG a N {i^ U =i>^^4 
X 1 0^^ c m"2. J?:^a U m) f)^ h ^£ ^ n mtltm CiA 
J!^^ 5 . I n o. 2G a o. sN^F-M (ff $.2. 5nm) i: A I 
0. OSG a 0. 95N^< U Tii(ii;^5nm);)-(b^<^^r >- K— ^ 

^fifi^#Ff^t4/l 6 (#Fifc4(li) . Mg h'—y'pm 40 

G a N (M g itJ^ 2 X 1 0 ^' c m"^. J¥$0. 1 ^ m) /i^ 
^7:^^ pS^Pfl i:iAi?^/i 7 . Mg K-T'pS/A 1 0. iG 
ao.9N (M g r^jg 2 X 1 0 c m"^. W^^^.Auxxx) f)- 
b^ct-S pM^ ^ -y KS8 . Mg K-y pSG a N (M g 
2 X I 0 ^^c m~^. H^O. 2;z m) t^h^.^:^ 

GaNSfg. S i C g-tS/£ >:'c:>fd!.cOS^ ^ffi i b 
^/tl-^'^r-ii^H^:?)'. '^^%tmm\^:^^^X\%h'—'^^ '-^ <^ ^ SO 



it^p^ip: I 1 - 3 0 7 8 6 6 
S 

[0 0 2 5] g5c(C, K7^:iiy^>*^^(- Jl^O n I 2 
a?tiiL7tngi=3>5? hil±i^T i / A 1 ;:i^'orj:5 

-ttr N i / A u T^i^tbT'^o p H^f 1 I 
[ 0 0 2 6 ] ^JS^'J 2 (OSftSl^^fk^it^^^^f* u--- f ^ 

L-X A I 0.05G ao.95N^ffll/\ 7 h'^^ ^y^it^n 

o/io cfit::J:'0, 1 5 li^ Lf- i: 9 4 
[ 0 0 2 7 ] (^ffiP'jS) H 1 S:t>'lli 4 ^fflV^r'^2cO 

[ 0 0 2 8 ] ify'r-Y r CfflgS 1 ±(CG a N/-<->':7t 
— -1 2 (ff^SOnm) , S i K — :7'nMG a N (-> U n > 
^gg4 X 1 0 c m"^. Ji:^ 2 M m). t-C^fl^ nM^ > 
F/i 3 . Si K— >^nSA I 0. iG a 0. 9N ^ 
>jjgg4 X 1 O^^c m"^. JS^O. 4;i m) ;b-ib?'£5nM 
^ V y VMA. Si K— y^n^A 1 0. OSG ao.95N (v/ 
U :3 >^gS4 X 1 0 ^"^ c m"^. ^0, 1 m) lO^b?'^^ 
n^itm\:^\hi^m^ . I no. 2G ao.sN^^F/l (11:^2. 
5nm) ^ I no.OsG a o.85N/<U T M iW-^^^^) t^^t^ h 
T>^ K-rT'^fill^^FfS+i® 6 (^F^7iii) . Mg 

K — y pSA 1 0.05G ao.gsN (M g tt^ 2 x l 0 c 

g K — T'p MA 1 0. iG a 0. gN (M g 2 X 1 0 ^ c 
i?^ 0.4 Mm) t^hUh ^ y . Mg 

K-:7'pSiG a N (Mgffi/t 2 X l 0 ^"^c m~^. /^^O. 

m^^(r){^(Dmu^m^y^x ^tz. ^^m^c^^^ 

[0 0 2 9 ] K^^^-y^v^'i:: J: ^ nl;{?B 1 2 

^ff$/*i--<# ngi=3 ^ h/l 3 ^gi^^^WlwSlttl^-tt/'- 
is:. iltti Lfc nM=i > ^ h/i±!CT i / A I 7)^b?:c5 

n^^n 2 €r?f$/Tjc-r'5o ^i^m I 0 ^mmk. t 

(O^^^JS 1 0 Jbi- , pM^^^^^'hilQt^iV^^v^he 
-tfCN i /A u /J^b^'cC^ p I L ^/F^^-^^. 

[0 0 3 0] 'mmm3<om.it^^.it^^^^mt^^--^m 

I 0.05G ao.95N^^^^^ K ^ -Vy r ft^r 'r? o f- , 
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[0 0 3 1 ] (^J£(^'l4) [g] lS.U^[I15^ffll^T^2c7:) 

^9^coS2(7:)||j5E^'J^IJ£P^-t-5o l^n^. ^^mcn^m 

[0 0 3 2 I ■tH:7T'<TCraS^S 1 ±iwG a Ny<yy T 
—112 (l?:^30nm) , Si K — TT^nMGaN ("•>'J=i>' 
^ig4 X 1 0 ^"^c m~^. 2 txm) ^^h^J:^ nM=^> 

. Si K — :/nS/A I o. iG ao. gt^T (VU ^ 
>®iS4 X 1 0 ^"^c m~^. m^0.4um) f)^h^^^nm 

K/i4, Si K — :7'nMA I o. OSG ao.95N ( '> 
y V^gj^4 X 1 0 c m~^. J^^O. I u m) t^h^l^ 
nM^i^lI-i^*^® 5 . I no.2G ao.sN^FS (i¥e2. 
5nm) t I no.OsG ao.85N/<ii ril(;f:^5nm);i^(b^.e5 

K— :7'p^A I o.OSG ao. 95N (M g iS^S 2 X 1 0 c 
ii:^0. l^m) 75^b^cf5pS^Eai::iAi6^ 7, M 

g K — :/pliA 1 0- iGao.gN (MgjgS2 X 1 0^'^c 
15^0. 4m m) /)^(b?i5 pM^ ^ Kg 8. Mg 

K— :7'p§iG a N (MgSg2 X 1 0 ^" c m"^. /? $ 0. 

[0 0 3 3] K7^:i^'y5^>'^tC J; *9 n 2 

^If^^J&'t^^ n^-=^:y^ ^ Mi3 ^a^^^lC^aj^-tt/-:: 
^tH Lf-nM^V-iS^^ hii±iCT i / A 1 ;;>^ib^<e6 

[0 0 3 4] HiSff'J 4 O'^mit^ikWL^^^'^W' L^-if ^ 

t5 , [El 1 5 [Zfr. Lfz=t: 9 tC^ti&ScD 4 2 3 n mT-(l. 

T 2 5 c m'^ t)t^F^^^ta^?^^@'>L/io 
[0 0 3 5] (Il«f?'i5) {1 1 6 erfflV^Tm3t7:> 

(Hill, :^^3^0i[^igf$:u- 
-*f^^comitilfroiIl!X'ct^'o . dad. :L<n^m{'^^—^ 

[0 0 3 6] ^^ 7 r TCSSK 1 Jii^G a N y :7 T 
—/I 2 (J¥e30nni) . SiK-^ nSGaN C -> ' j =i 



igj^ 4 X I 0 c m"^. /f:^2Mm) ;;i^^/j:6ng!^>' 
9 Vm'^ . Si K — -rnSA I o. iC a 0.9N (-> V =1 
'^^1^4 X I 0 ^^c m"^. m^0,4um) ri^b^^-^nS! 
^ V y Fm4. Si K-T'nglG a N ( -> ='>it/g4 
X 1 0 ^^c m"^. Jf:^0. iM m) n^^m CiZ^ 

^^115, I no. 2G a o.sN?!^F^ (ii:^2.5nm) tin 
0- OSGao. 851^-^ y T H (H ^ 3nm) "b 5 T > K — 
g^#F?Sti/i6 (#F^7(i) . iVIg K-^pS^Ga 
N (M g 2 X 1 0 c m"^, J^^O.lfjm) t^htt 
10 h p^^mC^^^mi . Mg K-^pMA I 0. lG a 0.9 
N (Mg^J^2 X 1 O^^c m"^ /¥^0. 4Ai m) t-h^S: 

=7 y K/i 8 . M g K-:/' pSG a K (M g 'igg 
2 X 1 0 ^"^ c m"^, ;i:^0.2A£m) i)^ h^J:^ ^ 9 

r-. GaNS^^. s i cm^^j:t'<7:>i^<Dm^^m^^xi, 

i-^? [0 0 3 7 ]?5ctC. K^-f ^'y^>'i/i-J: ^9 nm^l 1 2 
Hdaufcn^^^-^^ h;i±(cT i / A I 

[0 0 3 8 ] mMm 5 og{t:ife;^<t:'^1^4^^^ L^--f ^ 

[0 0 3 9 ] m 3 (D^0^(C:^ot/^-C. ^< y T /i(7)li: ^ 5 

5nm. J: *9 Jl^^ L < *:i 3 n m~ 5 n mT^^o 
[0 0 4 0 ] (Hj^fi^'Je) [ll>&U^[Hl7^ffll/^r^3(75 

[0 0 4 1 ] -^y T 4 TCm&^ 1 _hiCG a N/^ y :7 r 
-/i 2 (ii: ^ 30nm) . Si K— 7" n SG a N ( •> U =r V 
i^ig 4 X 1 0 c m"^. Ii:^2/im) 7:i^fbO:^n^=3>' 
57 h/i 3 , Si K-T'nSiA 1 o. iG a 0.9N ( -> y =1 
>'i^j[t 4 X- 1 0 c m"^, /i:e0.4Mm) /(^•b'^^Qn^ 



-y K/i4, Si K->^n§;^G a N (->U :=>i^^£4 
X L 0 c m"2. J?^0. I y m) /^^tbnc6 n ^Tt^T^ Cih 
i^Mo, I n 0. 2G a 0. SN ^t^^il (^?^2.5nm) t 1 n 
0. 05G a o.85N^<y T/iCii:^ 3nm)/i*6^i:5T>' K— ^ 
'^aat^^^Pf^i^/l 6 (^F^4fg) . Mg K->^p^ 



j6? Ga N (Mgi^/^2 X 1 0 ^^c m J^$0. m) 
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h^^^ p ^itm Cx^^m 7 . Mg K-T'p S5A I 0. iC 
ao. 9N (MgZSlJ^2 X L 0 ^^c m"2. J^^O.A^m) f)^ 
£b^^ 5 p S!^ 7 y KH 8 . Mg K— rpSlG a N (Mg 
^gS 2 X i 0 c m"^. 1?$0. 2ai m) /i- o p ^ 

GaNStS. S i C S.IS?'^ i:'(7)ft!l(7:^£<g ^ffl I ^ r 
^^fi'^'^'Cti^^^'^^ :*:^JK^'jil^::5i'''Tti K- >• 3: 
[0 0 4 2] K^-T ^ -y ^^^i-ct n^^i i 2 

fs. 119:1 L /in ^ h/i±i-T i / A I -h-h^i^^o 

nSfi 1 2 ^?F^;5ic-r5o — *^ $6it/i 1 0 ^JF^^?^. 
t75$6^/i 1 0±tc. pM='>'^^ 9 <!: ^ h ^ 

-ttT N i / A\xi)-h^^^ p MM 1 1 ^rffJ^t'^o 

[0 0 4 4] (^JS«rij7) m\:BLXj^mB^m^^x%Ao-y 

[0 0 4 5] i^:7^^r C®^^ iJbi-G a N/<y^r 
2 (l?$30am) . S i K— >^nS}G a N (-> 'j 
2gg4 X 1 0^'^c m"^. J?^2Mm) ;b^e?'^6nS=3> 
^ 9 VmZ. Si K — T'nMA 1 0. l G a 0. 9N ( ■> y =1 



^ 5 -y Kil4. Si K — T'nSG a N (v-U =i V^ffi/^ 4 
X 1 O^^c m"^ 1P:^0. 03/i m) 75=^^^^ 5 nS7tPr1i:i^ 
i!^/i5, 1 no. 2G a 0. sNJt^F/i (/i:^2. 5nm) I n 
O.05G ao.95N^<y r)l(J?o 5n[n)7:?^'b^ce5r >- K-v 
^aS^^FSi^He (#FS7ig) . Mg K-T/pS! 
G a N (MgiSJ^2 XI 0 c m"^ )?$0.03Ai m) 71)^ 

pS^mi:iZii^^ 7 . M g K-y p SA I 0. i G 
ao. 9N (Mg^Jt 2 X I O^^c m"^. Ili^O. 4 m m) f)^ 
ib''^ -5 p ^ 8 , M g K-T"? SiG a N (M g 40 

1^f^2 X 1 O^^c m"^. IS^O. 2 m m) /i^ b 5 p Si 

[ 0 0 4 6 ] i*:tc. K^-f :ii-y^>'yi::J: ^) n^t^ L 2 



CO*S^^10jl(C. p^::i>^9 hm 9 t ^ \- ^ 

itr N i / A u p*!:!! 1 1 ^ffJ/iit-t'Oo 

[0 0 4 7] HffifJ^i) 7 (T^gfbl^Sfb^ife^^l* L^-- t^i^ 

{cit-<. ±tmj&'<c^^'X^mci^ibm<r>m^^o . o 

mit£^Sfet£S(7D#igf;^ u-^'I^T-icit-^T 3 5 c m"^ !> 

[ 0 0 4 8 ] m4(D^m{^^^'x. itmc^i^m(r:>m^ 

fiO. 0 5 M mJii.TT'cb5 - ^Ti^^^^T-feiQ . ^t^ L< 
flO. 0 1—0. OSiinnT'^^Tlf^ ^Sfe-i^^FfSt^ 
g(7?^F^tC ±ofi^i^i-5 7t<s?:?. #PiC/!ii 1 -4 flco^-^ 
ilO. 0 2 5-0. 0 5 M m;6i J: 0 ^ L < , ^F^TS^i 
5 - 1 0 (licom^{g:0 . 0 1-0. 0 5 m mz-^^ J: ^ 
L^< ^ 1 0(i^®;t5it^fiO. 01-0. 0 

[0 0 4 9] (^ffi^*]8) [El 1 RU^'IH 9 ^fflV^-C^4 
^0^(75^2(7?^ffi9^"J^I5^.B^-t-5o mil. ^^P^iT:*^^ 

[0050] ify^r^rc SS^^ 1 -bi^ g a n :7 r 

— @ 2 (/i:^30nm) , Si K-^nSlGaN (v/y=i>' 
^^4 X 1 0^'^cm"^. m^2 urn) ^ 

Vm^. Si K — :7'nMA 1 0. iG ao.gN (v-y 
>'^gjg4 X 1 0 c m"^, i¥^0.4Mm) Ti^b^'cC^nSi 
^ ^ -y K/i 4 . Si K — y n^G a N ('> 'J ^ 
X 1 O^^c /?^0.03m m) ib 5 n M^^l 1^12^ 

a?^/l5. 1 no. 2G a 0. sN^I^Fii (1^^2. 5nm) t I n 
O.05G ao. 95N>'-<y TMiW^ ^^^)^^hti:^T > K— 

^fift^^Ff^ti/ie (#F#:4flg) . Mg K-:7'pgJ 

GaN (M g^g 2 X 1 0 ^^c m"^. if:^0.03Mm) //^ 
tb^^-S pSlTt^l DiAi^^Jl7 , Mg K — r'pS^A I 0. iG 
ao.gN (Mgit^2 X 1 0 c m~^. J¥:^0.4m m) f)- 
tb^cf 6 p ^ Kg 8 . Mg K— >^pSiG a N (Mg 
2 X 1 0 c m~^. m-^0.2um) f)-h^l^ 

[0 0 5 I 1 K^^^y^^^l-^i: "0 nm^^l 2 

f^. Lf- n^^:^ -^^ hSJLUT i / A I n-tb/iro 

nmtii 2 ^fF$/*i-Oo j^^^/f I 0 ^ff^fifefi. -e 

COir=feJ^/l L 0 _b{C. p h/i 9 >: ^ ^ h ^ 

[0 0 5 2] 'm)&ms(n'mit^^^it'^^'^'^^^''--^^ 
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it^^ ±rd^f&iz:}roi^x^?^ciMbm<^m^^o , 03 

Hf)t5itec0''jc^#^g(^i-'-^'^'?-t-tt'^'^ 3 0c m"^t>(7) 
[0 0 5 3 ] (^JS£^'J9) m 1 0 ^fflV^-C^ 1 

i^u—ifm^^w^^^^x^^. Hi Oil. -(Oit^^^ 

[0 0 5 4] -t^:7T-r TCSSt^ 1 ±i-G a N/<*y :7r 
—m 2 (J?^30nm) , S i K — ^riMG a N (v-U =^ > 
^g/£4 X 1 0 ^~ c m"^, lf:^2Mm) h ^J: ^ nM^ 
K/i 3 . Si K — :7'nSlA I o. iG ao. 9N i'^V ^ 
4 X 1 0 ^"^ c m"^, Jp:^0.4jum) ;)-b?ie^nM 
y K/i4. Si K— >^nSG a M ('> ^ =3>it^4 
X 1 qI^c m"^. m^O,^^m) y)-C^fj:^n^ytmCl^ 
isbmS. I no. 2G a 0. 8N#FJi (ii:^2.5nm) tmi 
OiO^^wU^— >'^>' K^TFi-J: ^T'cCGaN/Alo. iG 
ao. 9N®t&T-^<y TJIC;!:^ 5nm. ® /?:j:t 1 : l) ;i=» *b ^^cf: 5 

K— T'pSGa N (Mgffig2 X 1 0 c m"^. I¥^0. 
ljum) TlJ^fb^'^t^pSl^^l^i^i^^^, Mg K— ypSi 
Alo.lGao.gN (MgS^2 X 1 0 m"^. If^^O. 
4m m) ^i-fb^^cC^ ^ :y K/i 8 . Mg K-^T'pSG 

aN (Mg^gig2 X 1 0^'^c m"^. m^0.2mn) f)^h 

1S^mv^fc;0^ GaN£;K. S i C S^?'^ <!:'<75ft?Lt^S^ 

[ 0 0 5 5 ] K^-Y^-y^^^t^J: 0 nm^ll 2 

tt. IttU L7tn^^>^ ^ h/iJtClT i / A 1 7:>^ei^<e5 
(7:>l6^/i 1 Oil::, p > ^ 9 t =^ > ^ ^ h ^ 

[ 0 0 5 6 ] ^j^«9(75^{bi^^{t:^it^4^^*U— 

if^^iCit-<. ±l£tS«tw^oi^-r^<'; TJii: LXG a N 
/A I 0. iG a o.9N^1^TS:ffl'/\ -7 ^ K ^ ^it: ^ 

iTofCo -titcj:*9. [D 1 5 ic/F Lfz J: ^ i-^SiKgt7> 

fl*:(i2 5 c m"*>:/:fofi, mite 5:rl^cte^Bc6o^^ ^f^t?:)-^^^ . 
f$:L/— if ^T-{:iit^T 2 9c t.tO|^SfSti3^7)^®'> L 

[0 0 5 7 1 (Hftf^'J I 0) [1 I v^C/ll L 1 ^ffll'^TS 
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[0 0 5 8 1 •^f'-y T ^ TC^&m I ±tlG a Ny<yyr 
-m 2 (li:^30nm) . S i K-T'nSJG a N (•> U =1 >- 
X 1 0 ^" c m'^. 2 tim) y)^<b^^h n^^'^ 

^ ^ hH 3 . Si K— >^aSA I 0- iG ao. 9N ^ 
:/ffii^4 X L 0 ^'''c m'"'^. /?:$0. 4Mm) /i^fb^^^nS! 
^ ^ -y Kil 4 . IS 1 1 cDoi^./uaf: — K^7f1~ J: 9 
S i K— rnSG a N<lr S i h'-^A I 0. iG ao.9N;t 
(Dm^^ (->!; 4 X 1 0^'^c m"^. li:$o. iM 

mJW-^i-l) ^'^^J^^nmitm\:'i2<!^m5 . I no.2 
Gao.sNjI^F/i (Jf:$2.5nm) I n 0. 05G a 0. 85 N 

tt/16 (#Fifc7|ii) . Hi 1 (7:)^^^/U=ir — K 
-tJ: ^TiMg K->^p^G a NctMg K-:7'a I 0. i G 
8.0,9^ t<r>m^^ (Mg®^2 X 1 O^^c m"^. if: ^ 
0. 1/im. flg/?iti:l) pS*Pr1i:iAi6;i 7 , M 

g K — y p§!A I 0. iG ao. 9N (MgffiS2 X 1 O^^c 
m'^. i?:$0.4;/m) 6 6 p SI ^ ^ Kg 8 . Mg 



K— >^pMGaK (Mg®S2 X 1 0 ^^c m"^. 15$0. 

X. L^Dm^^^mf^-r^o ^j:^s :^Mi^mxit. s^s 

(i. ■tHy'r-f Tg^^ffll/^fcT)^ G a N^^S. Si eg 
[0 0 5 9 ] K^-Yii^ y^^^lC J: 19 n^tl 1 2 

^?F^fiici--^#nS=r>'^^ h^3^a55^6^tc^ai^-tt/:i 

[0 0 6 0] mi&m 1 0 (Dmit^^it-^^^^i^^—-^ 

— if^T-i::ht-<. ±mmm:iis\.^X1^mcihisbm t L^X 

G a N/A I 0. iG a o.9NSI&^^ffl(/\ 94h'^-Y y 
^^(D4 2 SnmT'fi. Prii: il T' (7:^ itX 7i ^ ^ it"! tci 

t^^^coit^2g(^:i/-if ^T-ic:tb^r 3 3c m'^h<r>\>^mR 

[ 0 0 6 1 ] immn i i ) m i Rzf\M i 2 ^m\^^xm 

[006 2] -t^-xr-f TCm&^ 1 ±iCC a N/< ■:7 T 
— J12 (m^SOnm) . Si K->^nSGaN (v-'j^iv 
Zg® 4 X 1 0 c m~^. fW^^ 2 ^ rc\) r\^^ > 

^ <^ hm^ . Si K— TT'n^A I 0. iG a 0. 9N (•> 'J ^ 
Vill;E4 X I 0 c m"^. )¥^0. 4 m m) /)^tb?i:5 n ^ 
C7 =7 y . Si K — T/nSiG a N ( Li =3 Vi^Jfg 4 
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l!bM5. I no. 2G a 0. sN ^^^^^ (/i:^2. 5nm) t I n 
0.02A I 0. OeG ao. 92N^<'.i T /f (H: ^ 5nm) b ^jT O T 
> K-r^fifii^-^F/ftt® 6 (?^PS7(i) . Mg K 

pg!G a N (Mgig;g 2 X 1 0 ^^c m"^. I?^0. I 
Mm) f)-h^J:^ P^itmCii^f^mr . Mg K-^pSA 

1 0. iG a 0. 9N (iVI g mis. 2 X 1 0 c m"^. Hi^O. 4 
M m) p§!^ 7 KH 8 , M g K-T^pSG a 
N (MgrSja2 X 1 0 ^^c m~^. i¥^0. 2ai m) 

[0 0 6 3 ] D^^y^>^y\z^ y) nH*^ 1 2 

itXN i / A u ?:j^fb^£5 p "a^^ 1 1 ^w^^-t^. 

O.02AI0. OeGao. 92N^^V^. ^ h^^ -Y y y'it^n 

^tzo wtii-ct*?. (ill 5lC7r:L/-:iJ: 9(-MtIfeSc7:>4 

2 3 nmT'll. )tr^ CiZ^J^g T'COfSliX;:!^;^*!*-^^ li-^ L . 

f^3;tgi^^(i2 9 c in'^ t^J:<^tz.o mt^XW^t^'S^o-^'i^^ay 
[0 0 6 5] (l|jte^lJl2) [g] 1 1 3 ^^O^rm 

[0 0 6 6] f-^T-f TCSS^Sl -L'i-G a N^'^-y :7r 
2 (l?^30nm) . S i K — T'nSJG a N ( •> y =1 > 
igg4 X 1 m~^, /i:^2Mm) h nm=^ > 

^ h/i 3 . Si K — y nMA I 0. iG a 0. 9^ ('> 0 
>^S4 X 1 O^^c m~^. /?$0. 4// m) ^-bt^^nm 
^ =7 y VMA. Si K-:7'nSlA I uG a i-uN (ft L. 
0 ^ u ^ 0 . 1 T-^boT. Hi 3 JC^T:ri: 9 (^^ T -y K 

^ :/i8S4 X 1 0 c m~^. /f:$0.lMm) /i^^b^^^^n 
^^tr^ UiAi^/i 5 . I no. 2G a 0. sN^M^F/i (/^$2.5n 
m) <h I no.OsG a 0. 85^-^^ 7';i(J?^5nm);:!^'b4^^r 

V K-y^^fifl^^Ff^tiii 6 (^FSS:7(i) . Mg K 
p^A I uG a i-uN (fSL. O^u^O. IT'c^o 

T, (1 1 3 tc.T^f J: 9 U:?^ V K/l(tii|i::r^;:'^or ^-^r 

7 ^ K^^-V •y^T'ftlL'Cl^^o Mgag/f 2 X I 0 

m"^. /i:$0. l/im) t:)*'^?'^^ p 7 . M 50 
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g K — T^p SA I 0. iG ao.gN (MgffiS 2 X I 0 ^"^c 
;i:^a4ym) p ^ -y K® 8 , iVt g 

K— >^pSG a N (MgZSjg2 x l 0 c m"^. ^ 0. 
2a/ m) pS='>':J' ^ HS9 ^iiH2fc/*S^-tt 

-^yr^ r£.tS^ffl^^fc7)^ G a NSIS, S i C£ 

[0 0 6 7 ] ^5^:{c, K^-<:^-y^>':^^^(:: J: »9 n^l^i 2 
'\k. HfiSLTt nSl^rv^^^ hSiidX i / A I 

nS:-tli 2^ff$/TSt-r5o -::^7, T^^tii i o^ff^^l^. ^ 

c7^lfe^ii 1 .0 Jiic. hmot^y'^^ 

itTN i /a u fi-^fji^ pS:S 1 1 ^JF$^-t'5o 

[0 0 6 8 ] ^^fi?"'] 1 2 (Dmt^^it-^m^mt^- 1-—^ 
-if^T-icit'<, ±:mnf^\^^^'xytmc'j2-ibmti.x 

G a NTi^b A 1 0. iG ao. gNtT^^t-t^^'^^t-^r^l^^tC^ 

fb^ii:, 7^ K=^-v -y:7'{t:^tTo/Co ^tvCiJ:'^, Hi 

3 3 c m"^ hcop^Um^^^^i^'P Ufco 
[0 0 6 9] 

—^m'p^^mi-^z.tx^. ^^m^j:i^—^m^^'m 
^^^ztr-x^^o 

imi] y^^m(DiiF-mi^^-'^'m^(om^^^mmx^ 

[US] ^j5S0"'j 2t;^J4^^g($u--^fig^^(7:)/^>' Ktgit^.i^ 

-rmx'^^o 

[[E18 ] ^S£(?'l7(7)-^f^i:$f^^U-if^^(7)^<>' Kl^lig^:^ 

[dii O] ^fiSff'i9(7:»i|iigf^ix-f-'|^^co/<> Kf^Pvit^ 
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